Brazilian Amazon using thermal, optical and thermal-optical analysis methods Soto-García, L et al.
The introduction provides a detailed review of previous biomass burning aerosol composition measurements in the Amazon, including size-segregated results that can be linked to aerosol hygroscopicity and CCN activity. A significant amount of the manuscript justifies previous organic composition (e.g., WSOC) measurements, but there is little motivation provided for size-segregated OC/EC measurements. The introduction itself states that existing measurements were sufficient to predict aerosol hygroscopic properties and CCN ability over the Amazon (12864, lines 5-6), so what additional benefits do the observations presented in this study bring? This could be addressed by a discussion that gives some of the benefits size-segregated OC/EC measurements specifically provide (e.g., better constrain EC lifetime, improve treatment of biomass burning optical properties). Authors: Following the referee's suggestion we improved the Introduction by adding more information regarding the value of size-segregated OC/EC measurements. We added the following "There are very few studies that present size-resolved information about the carbonaceous fractions during biomass burning at tropical locations (e.g., Echalar et al., 1998; Falkovich et al., 2005; Decesari et al., 2006) . Sizeresolved EC/BC and OC information is important since it provides a better understanding of the lifetimes and optical properties of these species. In the Amazon Basin, prior to LBA-SMOCC, the only study is the one by Echalar et al. [1998] , which reports size-resolved BC concentrations, determining BC using a light reflectance technique. To our knowledge, ours is the first study that presents both EC and OC size distributions for the dry season in the Amazon Basin. This type of study is essential for improving our understanding of the climate impact of, for example, BC or EC, species whose climatic effects strongly depend on their physical and chemical properties, as well as on their residence time and distribution in the atmosphere [Jacobson, 2001; Novakov et al., 2005] ." Referee #1: 12865 (19-21): Can some measure of distance to fire activity be given here? Is the site surrounded by the fire activity or at the margin? Authors: In this regard, the following information was added in the manuscript: "This site has experienced intense deforestation by vegetation fires over the last 30 years [Andreae et al., 2002; Kirkman et al., 2002; Trebs et al., 2005] . Maps of the fire locations in Fuzzi et al. [2007] clearly show that the sampling site was under the influence of emissions from fires extending to 2000 km upwind of the site during the sampling period. Also there was local burning nearby, which was particularly an influence at night-time because of the trapping of smoke in the nocturnal boundary layer." Referee #1: 12865 (24): Should be reported as the particle aerodynamic diameter here and elsewhere in the manuscript unless a correction for density has been applied. Authors: We added and defined the acronym D p ("particle aerodynamic diameter") both in the Abstract as well as in the Experimental sections, since no correction for particle density was made.
Referee #1: 12866 (20): The potential for negative artifacts (e.g., underestimation of carbonaceous particle mass due to volatilization from filters) should also be mentioned here. There should also be some mention of how these artifacts could affect interpretation of the size-resolved data (e.g., redistribution of semi-volatile organic species across different filter/impactor stages) here or in section 5.1.
Authors:
The following text was added in the Experimental section: "A complete assessment of corrections for positive artifacts (overestimation of carbonaceous particle concentration due to adsorption of organic gases to the quartz filters) and negative artifacts (underestimation of carbonaceous particles due to volatilization of semi-volatile organic carbon from the particles collected on the filters) was not possible in this study because our sampling systems did not provide for this. However, an estimation of the positive artifact for the DLPI was performed by comparing TC concentrations measured with other filter samplers (Sec 3.1.3). The positive artifact during SMOCC 2002 was determined with the HVDS. The OC was measured on the back filter placed in a tandem position. This back filter OC could come from both positive and negative artifacts [Mader et al., 2003] . However, it is generally assumed that the positive artifacts prevail [Turpin et al., 2000; Mader et al, 2003 ]; therefore, OC(front) -OC(back) is considered a measure for "artifact-free" particulate OC. On the other hand, we could assume that the positive artifacts are negligible and that the back filter OC is actually due to negative artifacts (OC that was volatilized from the front filter). If this were the case, OC(front) + OC(back) would be a measure for "artifact-free" particulate OC. One problem with the latter approach is that the OC that is lost (by volatilization) from the front filter may not be fully captured by the back filter. There are certainly better approaches to assess the extent of negative artifacts, as proposed by Eatough et al. [2003] , but they were not used in SMOCC 2002."
In section 3.1.3 we included "redistribution of semi-volatile organic species across different filter/impactor stages" as a factor that could affect interpretation of the size-resolved data. Authors: We added corrections for the artifacts in the aethalometer by using the equations given by Schmid et al. [2006] . All results presented in Table 1 and Figure 5 were corrected. In the Experimental section we added: "In addition, the aethalometer results were subjected to artifact corrections for filter loading and multiple scattering given by Weingartner et al. [2003] and Schmid et al. [2006] . Briefly, from the equivalent black carbon mass concentration reported by the aethalometer and the specific absorption cross section of 14,625/ [m 2 g -1 ] (16.6 m 2 g -1 for 880 nm) the attenuation coefficient ATN was calculated using the equation ATN / 0 −0.1178 ln(532)+1.982 was used, where C at 880 nm is equal to 6.54 [Schmid et al., 2006] . After applying the corrections, corrected BC e was calculated using the absorption cross section α abs of soot carbon at 880 nm (4127/ [m 2 g -1 ] = 4.69 at 880 nm) as follows: BC e corr = abs *1000/ α abs . Concentrations were not corrected for the sampling spot size and changes in flow rate of the instrument [Müller et al., 20011] . These corrections are likely to be small in comparison to the other uncertainties." Also, in the section used to compare EC a and BC e (Sec 3.1.4) we added: "Results from the aethalometer after correcting for the filter loading and multiple scattering for BC e at 880 nm were ~ 40% lower than the values reported from the aethalometer without corrections (average of 1.9 ± 1.0 µg m -3 with corrections, compared to 3.3 ± 1.7 µg m -3 without)."
Referee #1: How were wavelength differences between the MAAP and aethalometer accounted for (e.g., 1/lambda or some measured value)? Authors: We did not use a MAAP in the SMOCC project. Maybe the referee is referring to the LTM measurements, but both the LTM and the aethalometer used the same wavelength, 880 nm. Also, as we measured the wavelength dependence of absorption with the 7-wavelength aethalometer, this dependence was used to correct the absorption measurements at other wavelengths for the other instruments.
Referee #1: The wavelength(s) of both instruments should be provided, particularly the wavelength used to convert the optical absorption to BCe that corresponds to the absorption cross section (should be the specific absorption cross section) of 10 m2 g-1.
Authors: It was not correct to state a specific absorption cross section of 10 m 2 g -1 , the sentence should have said "a specific absorption cross section of 16.6 m 2 g -1 ". Now it is clearer that the BC was determined at 880 nm.
Referee #1: 12870 (25): The aethalometer and LTM measurements use different constant to convert the measured attenuation to BCe (10 vs 19 m2 g-1). Is there a physical justification for this?
If not the same factor should be used for the conversion. Authors: The aethalometer uses a conversion factor of 16.6 m 2 g -1 (already corrected in the text) and for the LTM previous authors have typically used 19 m 2 g -1 , e.g., Gundel et al. [1984] . The use of σ = 19 m 2 g -1 is consistent with the calibration factor of the early versions of the commercial aethalometer that employed the same optical transmission method for measuring BC concentrations [Bodhaine, 1995] and the value stated by Liousse et al. [1993] for black carbon in smoke particles. In both cases, this constant is an empirical value, which depends on instrument and filter geometry, but also strongly on the type of aerosol collected, as stated by Liousse et al. [1993] . Given that a calibration of neither the aethalometer nor the LTM has been specifically performed for the SMOCC aerosols, there is no objective justification for choosing either constant over the other, and for reasons of consistency, we use the value of 16.6 m 2 g -1 for both instruments, as suggested by the reviewer.
We added in the LTM Experimental section: "In order to be able to compare BC e concentration obtained from the LTM and the aethalometer, a specific absorption cross section of 16.6 m 2 g -1 was used for both instruments." compare the results to previous studies without a discussion of the uncertainties in diameter due to the stage uncertainty. Authors: In many previous publications [Maenhaut et al., 2004; Fuzzi et al., 2007] when authors talk about the "droplet mode" they usually refer to cascade impactor data and thus to aerodynamic diameters. Nevertheless we included a note about the diameter uncertainty so that this is also considered: "However, this can also be due to the uncertainties in diameter when using quartz fiber filters as substrates in an impactor."
Referee #1: 12881 (3-16): Figure 10 support the conclusions presented here and they should be removed. While POM is higher at night for stages between 0.39-2.4 um, it is lower at night for all stages below 0.39 um, nor is BCe "almost the same" for day and night stages. Nighttime BCe is at factor of 2 higher than daytime BCe for stages 0.62 um and larger. Though it is difficult to integrate the data by eye it appears that total BC is also higher at night by at least a similar relative magnitude as observed for POM. No uncertainties are given, either, so the significance of the relationship cannot be determined. Do the bulk samples support this conclusion? What about the average of all day and night size-segregated samples? Authors: Figure 10 was changed to Figure 9 . Figure 9a shows clearly that the size distribution of POM peaks at a larger size during the night than during the day. This is supported by the bulk data presented before (Table 1) , which show higher OC concentrations during the night, with average concentrations of ~ (37±21) day and (49±19) night for Dp < 2.5 µm for day (n=2) and night (n=3) samples, respectively. Also, the diurnal carbonaceous aerosol results presented in previous work from SMOCC, like WSOC species [Decesari et al., 2006] and TC [Fuzzi et al., 2007] , clearly showed that concentrations for samples at night time were higher than those at daytime. This shift in size distribution can be explained by the much higher RH during the night than during the day and the fact that the POM was moderately hygroscopic (POM was around 60-70% soluble in water, from the PM2.5, during the dry and transition periods; Decesari et al., ACP, 2006) . Thus, the POM can grow to larger sizes at high RH, as encountered during the night.
The referee's observation of higher concentration for all stages below 0.39 µm was also found in the other sample (only two day time samples available). This may be due to adsorption of gases (positive and negative artifacts) in the quartz filter for those particular sizes and especially during daytime (Section 3.1.3). The OC gases could be derived from the volatilization of POM on the coarser stages in the course of the actual sampling because of the higher temperatures during the day. Also, there may simply not be much very fine POM during the night because it may have grown to larger particles at the much higher RH during the night. To explain this observation we added in the text: "Observation of higher concentrations for all stages below 0.39 µm (Figure 9a ) may have been due to adsorption of gases (positive and negative artifacts) on the quartz filter for those particular sizes and especially during daytime. The OC gases could have been derived from the volatilization of POM on the coarser stages in the course of the actual sampling because of the higher temperatures during the day. Also, there may simply not be much very fine POM during the night because it may have grown to larger particles at the much higher RH during the night. POM was around 60-70% soluble in water, from the PM2.5, during the dry and transition periods [Decesari et al., ACP, 2006] . Thus, the POM can grow to larger sizes at high RH, as encountered during the night."
In terms of the BC e diurnal behavior we re-wrote the text, since we found the same behavior as OC and from the other BC e size distribution. Averages cannot be given because we are only presenting results of 2 daytime samples. Now the text reads as follows: "However, Figure 9b shows that the fine mode mass of BC e during day time was almost the same as during night time, suggesting that, at least for this sample period, only little soot carbon is emitted at night. Nevertheless, observations of diurnal samples from the aethalometer and EC a concentrations from HVDS reported by Decesari et al. [2006] show the same behavior as for the OC concentrations."
